We have reported the energies and radiative lifetimes of levels for doubly ionized xenon (Xe III) and radon (Rn III). The calculations have been performed using the general-purpose relativistic atomic structure package based on fully relativistic multiconfiguration Dirac-Fock method. We have compared the results obtained from this work for (Xe III) with previous works in available literature. For (Rn III), there is no data except a few energy levels. Hence, we have presented new values on the energy levels of (Rn III).
Introduction
Atomic data, in particular energy spectra data, has great importance for accurate plasma modelling in astrophysics and plasma physics applications [1] [2] [3] . In this work, the energy levels and their lifetimes have been investigated doubly ionized xenon (Z = 54) and radon (Z = 86). These ions have ns 2 np 4 electron ground configuration (n = 5 and 6, for Xe III, and Rn III, respectively). The ground level for these ions is np 43 P 2 , and this level is followed by 3 P 1 , 3 P 0 , 1 D 2 and 1 S 0 in the same configuration. Xenon has played an important role in laser development and technique, from the beginning of the laser era to the actual laser research. Due to its rich emission spectrum, xenon is not only an important element in laser research, but also of critical interest in the broader areas of light sources and lamp development [4] . There are some experimental and theoretical works including radiative lifetimes of 1 S 0 metastable state which belongs to ground state configuration for Xe III ion. These works include different ion-trap techniques [5] [6] [7] and the least-squares fits to observed energy levels [8] , and a study on the comparison of results from iontrap techniques and various theoretical methods, MCHF, MCDF, HXR, and HFR [9] . Biémont et al. [10] calculated the energy levels and radiative transitions for states within 5p
k (k = 1-5) configurations of atoms and ions in the indium-iodine isoelectronic sequence. The lifetimes for excited levels obtained by time-resolved spectroscopy and relativistic Hartree-Fock calculations for the emission characteristics of an ultraviolet-visible pulsed multiionic xenon laser [11] , photon-ion spectrometer at PE-TRA III for measuring multiple photoionization of Xe q (q = 1-5) ions, and beam-foil technique for ionized neonxenon were reported [12, 13] . * corresponding author; e-mail: skabakci@sakarya.edu.tr For doubly ionized xenon, analysis of observations obtained from the atomic spectroscopy works, measurements for radiative lifetimes by the beam-foil spectrum of xenon between 105 and 500 nm, threshold photoelectronthreshold photoelectron coincidence (TPEsCO) spectroscopy and the angular dependence of the UV/VIS and VUV fluorescence on the alignment of Xe II and Xe III ionic states as experimental [14] [15] [16] [17] ; and by the fourcomponent two-particle propagator technique and an efficient method of inclusion of the core-valence correlations into configuration interaction (CI) calculations as theoretical [18] [19] [20] were presented. Garstang reported the results of calculations of the some energy levels and transition probabilities of forbidden lines for a number of atoms and ions of astrophysical or laboratory interest including xenon ions [21] . Using a photon-ion mergedbeam technique, Koizumi et al. presented the experimental results of the 4d photoionization of Xe q+ (q = 1-3) and this spectrum was analyzed by multiconfiguration Dirac-Fock calculations [22] . An investigation based on photographic recordings of xenon spectra and the classifications including most of Xe III laser lines were given by Persson et al. [23] . Saloman compiled the energy levels and observed spectral lines of the xenon atom, in all stages of ionization [24] .
Radon is a radioactive noble gas element, which is obtained by radioactive disintegration of radium, while all other noble gases are present in atmosphere. The data on energy levels, lifetimes or transition parameters for atomic doubly ionized radon are few in literature. A theoretical study for Rn III was presented by Biémont and Quinet [25] .
The aim of this work is to calculate the level energies and lifetimes in doubly ionized xenon and radon, using the general-purpose relativistic atomic structure package (GRASP) [26] based on a fully relativistic multiconfiguration Dirac-Fock (MCDF) method. This code includes the Breit interactions (magnetic interaction between the electrons and retardation effects of the electron-electron interaction) for relativistic effects and quantum electrodynamical (QED) contributions (self-energy and vacuum
where n c is the number of CSFs included in the evaluation of atomic state functions and C r is the mixing coefficient, optimized usually on the basis of the manyelectron Dirac-Coulomb Hamiltonian. This method is basic and requires no knowledge of the internal coupling of the CSFs with a given parity P and angular momentum (J, M ). The CSFs are the sum of products of singleelectron Dirac spinors,
where κ is a quantum number and χ κm is the spinor spherical harmonic in the LSJ coupling scheme. The P (r) and Q(r) are large and small radial components of one-electron wave functions represented on a logarithmic grid. The energy functional is based on the DiracCoulomb Hamiltonian,
3) where V (r j ) is the electron-nucleon interaction. Once initial and final state functions have been calculated, the radiative matrix element for radiative properties computation can be obtained from
where
is a spherical operator of rank k and parity π, and π(k) is π = (−1) k , for an electric multipole transition or π = (−1) k+1 , for a magnetic multipole transition. The largest transition probability is for electric dipole (E1) radiation, dominated by the least factor 1 α 2 over other types of transitions (E2, M1, M2, etc.).
The transition probabilities for the emission from the upper level to the lower level is given by
where S πk is line strength,
6)
and O π(k) is transition operator. Most experiments yield the lifetime of the upper level. In this case the sum over multipole transitions to all lower lying levels has to be taken. The lifetime, τ γ J , of upper level γ J is
In calculations we have used the option extended average level (EAL) averaging of the expression energy. It is extended to configuration states with not only different total angular momentum but also with different parity. Also, the Breit corrections (magnetic interaction between the electrons and retardation effects of the electron-electron interaction), and QED (self-energy and vacuum polarization), and various correlation contributions have been considered. Due to the Coulomb interaction between the electrons, the electron correlation effects are also important, in particular, for fine structure and transitions. Therefore, the configurations including excitations from valence and core have been taken into account in calculations. QED contributions are self-energy and vacuum polarization, which are also included in the computations of the transition energy. The finite-nucleus effect is taken into account by assuming an extended Fermi distribution for the nucleus. Both the Breit and QED contributions are treated as perturbation and are not included directly in the SCF procedure. The mixing coefficients are calculated by diagonalizing the modified Hamiltonian.
Results
In this paper, we have presented the calculations of excitation energies and lifetimes for Xe III and Rn III using the (GRASP) code [26] . In the calculations, we have taken into account the various correlation effects (valence-valence, core-valence, and core-core) besides Breit (magnetic interaction between the electrons and retardation effects of the electron-electron interaction), and QED (self-energy and vacuum polarization) corrections. Therefore, we have considered the configurations of 5s 2 5p 4 , 5p 6 , 5s5p
even-parity) and 6s6p
We have reported the energies, E (cm −1 ) and lifetimes, τ (s), for Xe III and Rn III in Table I (at the end) and Table II, respectively. In tables, only odd-parity states have been indicated by the superscript "o". Also the number in brackets represents the power of 10. For doubly ionized xenon (Xe III) we have obtained 453 energy levels. Table I (at the end) lists only 113 energy levels and their radiative lifetimes for Xe III. In addition, the results obtained have been compared with other works in Fig. 1 . It is seen that there is an agreement between our results and others. For doubly ionized radon (Rn III), we have obtained 403 energy levels. Table II includes the ground state levels and their lifetimes for comparing with [25] . First 150 energy levels and lifetimes for Rn III have been presented in Table III (at the end). In addition, a comparing between our results and other values for ground state levels have been given in Fig. 2 . Therefore we can mention that the values for Rn III in Table III (at the end) have been reported firstly. 
Conclusion
The main purpose of this paper is to obtain energy levels and radiative lifetimes for doubly ionized xenon and radon. We have compared our results in available literature and reported new data, in particular Rn III. In this work, the values reported for energy levels and radiative lifetimes can be useful to investigations of some radiative parameters. We hope that these results will be useful for theoretical and experimental works on Xe III and Rn III spectra in future. Note:l and l* values are taken from the same article. There are several l* measurement values corresponding to the theoretical l value. Here, the average value of these measured values is given. 
